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(57) A method and system may include command-
ing, by a processor, a lighting system to generate a de-
sired melanopic effect in accordance with a spectral
weighting mode. To determine, by the processor, the
spectral weighting mode based on an algorithm that com-
pares a part of a spectrum for an amount of melanopic
lumen to a melanopic sensitivity curve to generate a re-
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sult comprising a melanopic ratio. In response to the re-
sult comprising the melanopic ratio, to by determine by
the processor a visual brightness by calculations using
an algorithmic solution based on the melanopic ratio mul-
tiplied by an amount of color temperature generating the
visual brightness in accordance with the spectral weight-
ing mode of the desired melanopic effect.
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Description
FIELD
[0001] The present disclosure relates generally to

lighting systems and methods and, more particularly, to
varying lighting system outputs based on various param-
eters to generate a melanopic response in aircraft inte-
riors.

BACKGROUND

[0002] Advanced full-cabin lighting system can be at-
tuned to human biology to reduce passenger jetlag, and
color-optimized to improve the appearance of materials,
food and fixtures throughout the cabin. The lighting can
be autonomized to intelligently synchronize with real-
time flight data to enable predictive and independent
functionality.

[0003] Advances in light emitting diode ("LED") tech-
nology has made LEDs an ideal source of light where
low-powered lighting solutions are desirable, such as in
an aircraft, where power availability is limited. Recently,
new technologies have become available with the poten-
tial to enhance the usefulness of LEDs generally, but
which have not been fully realized in aircraft lighting.

SUMMARY

[0004] An article of manufacture is disclosed herein.
The article of manufacture includes a tangible, non-tran-
sitory computer-readable storage medium having in-
structions stored thereon that, in response to execution
by a processor, cause the processor to perform opera-
tions comprising: command, by the processor, a lighting
system to generate a desired melanopic effectin accord-
ance with a spectral weighting mode; determine, by the
processor, the spectral weighting mode based on an al-
gorithm that compares a part of a spectrum for an amount
of melanopic lumen to a melanopic sensitivity curve to
generate a result comprising a melanopic ratio; and in
response to the result comprising the melanopic ratio,
determine a visual brightness by calculations using an
algorithmic solution based on the melanopic ratio multi-
plied by an amount of color temperature generating the
visual brightness in accordance with the spectral weight-
ing mode of the desired melanopic effect.

[0005] In various embodiments, the color temperature
comprises a white color temperature.

[0006] In various embodiments, the white color tem-
perature is in a range between 2000 Kelvins to 8000 Kel-
vins.

[0007] In various embodiments, the color temperature
is optimized for a range between 4000 Kelvins to 6000
Kelvins.

[0008] In various embodiments, the white color tem-
perature for the desired melanopic effect comprises a
melanopic mode of a maximum amount that is produced
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by the spectral weighting mode comprising a cyan color
set at a maximum percentage with a color temperature
mixture comprising at least a set of a first, second and
third color temperature.

[0009] In various embodiments, the white color tem-
perature for the melanopic mode atthe maximum amount
is produced by the spectral weighting mode of a cyan
color that is set at approximately one-hundred percent
with an added color mixture comprising at least a first,
second and third color.

[0010] In various embodiments, a lighting system is
disclosed. The lighting system includes a plurality of light
emitting diodes (LEDs); and a controller in operable com-
munication with the plurality of LEDs, the controller con-
figured to cause the plurality of LEDs to transition to a
spectral weighting mode to: generate a desired melano-
pic effect in accordance with the spectral weighting
mode; determine the spectral weighting mode based on
an algorithm that compares a part of a spectrum for an
amount of melanopic lumen to a melanopic sensitivity
curve to generate a result comprising a melanopic ratio;
and in response to the result comprising the melanopic
ratio, determine a visual brightness by calculations using
an algorithmic solution based on the melanopic ratio mul-
tiplied by an amount of color temperature generating the
visual brightness in accordance with the spectral weight-
ing mode of the desired effect.

[0011] In various embodiments, the plurality of LEDs
comprise at least five LEDs.

[0012] In various embodiments, the plurality of LEDs
comprise at least six LEDs.

[0013] In various embodiments, the plurality of LEDs
comprises at least one LED configured to emit electro-
magnetic radiation having a wavelength of between 490
nm and 510 nm to generate a cyan color.

[0014] In various embodiments, the color temperature
comprises a white color temperature.

[0015] In various embodiments, the white color tem-
perature is in a range between 2000 Kelvins to 8000 Kel-
vins.

[0016] In various embodiments, the color temperature
is optimized for a range between 4000 Kelvins to 6000
Kelvins.

[0017] In various embodiments, each LED in the plu-
rality of LEDs is configured to emit the electromagnetic
radiation of a different wavelength.

[0018] In various embodiments, the white color tem-
perature for the desired effect comprising a melanopic
mode of amaximum amountthatis produced by the spec-
tral weighting mode comprising a cyan color set ata max-
imum percentage with a color temperature mixture com-
prising at least a set of a first, second and third color
temperature.

[0019] In various embodiments, the white color tem-
perature for the melanopic mode atthe maximum amount
is produced by the spectral weighting mode of a cyan
color that is set at approximately one-hundred percent
with an added color mixture comprising at least a first,
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second and third color.

[0020] In various embodiments, a light assembly for
an aircraft cabinis disclosed. The lightassembly includes
a controller in operable communication with a light unit,
the controller configured to: apply a lighting condition us-
ing the light unit comprising a melanopic sensitivity in
accordance with a spectral weighting mode; determine
the spectral weighting mode based on an algorithm that
compares a part of a spectrum for an amount of melan-
opic lumen to a melanopic sensitivity curve to generate
a result comprising a melanopic ratio; and in response
to the result comprising the melanopic ratio, determine
avisual brightness to operate the light unit by calculations
using an algorithmic solution based on the melanopic
ratio multiplied by an amount of color temperature gen-
erating the visual brightness in accordance with the spec-
tral weighting mode of the desired effect.

[0021] In various embodiments, the color temperature
comprises a white color temperature in a range between
2000 Kelvins to 8000 Kelvins.

[0022] In various embodiments, the white color tem-
perature for the desired effect comprising a melanopic
mode of a maximum amount that is produced by a spec-
tral weighting mode comprising a cyan color set ata max-
imum percentage with a color temperature mixture com-
prising at least a set of a first, second and third color
temperature.

[0023] In various embodiments, the white color tem-
perature for the melanopic mode atthe maximum amount
is produced by the spectral weighting mode with a cyan
color that is set at approximately one-hundred percent
with an added color mixture comprising at least a first,
second and third color.

[0024] The forgoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated herein otherwise. These fea-
tures and elements as well as the operation of the dis-
closed embodiments will become more apparent in light
of the following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The patent or application file contains at least
one drawing executed in color. Copies of this patent or
patent application publication with color drawing(s) will
be provided by the Office upon request and payment of
the necessary fee.

[0026] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the following detailed descrip-
tion and claims in connection with the following drawings.
While the drawings illustrate various embodiments em-
ploying the principles described herein, the drawings do
not limit the scope of the claims.

FIG. 1illustrates an aircraft cabin, in accordance with
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various embodiments;

FIG. 2 illustrates a perspective view of a light system
including at least one lighting unit, circuity, and a
controller, in accordance with various embodiments;

FIG. 3 is a color space chromaticity diagram from
the International Commission on lllumination
("CIE"), commonly referred to as a CIE 1931 system
diagram, showing various triangular color gamuts,
in accordance with various embodiments;

FIG. 4A illustrates a diagram of a maximum melan-
opic level with various white color temperatures in a
color space chromaticity diagram from the Interna-
tional Commission on lllumination ("CIE") in accord-
ance with various embodiments.

FIG. 4B illustrates a diagram of set of spectrums of
comparisons for the LED, circadian and visual bright-
ness in accordance with various embodiments.

FIG. 5. illustrates a diagram of a minimum melanopic
level with various white color temperatures in a color
space chromaticity diagram from the International
Commission on lllumination ("CIE") in accordance
with various embodiments.

FIG. 6A illustrates a diagram of a minimum melan-
opic level with various white color temperatures in a
color space chromaticity diagram from the Interna-
tional Commission on lllumination ("CIE") in accord-
ance with various embodiments.

FIG. 6B illustrates a set of spectrums of comparisons
for the LED, circadian and visual brightness for a
minimum melanopic response in accordance with
various embodiments.

FIG. 7 is a schematic flow diagram showing a con-
troller method, in accordance with various embodi-
ments.

DETAILED DESCRIPTION

[0027] The following detailed description of various
embodiments herein makes reference to the accompa-
nying drawings, which show various embodiments by
way of illustration. While these various embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that changes
may be made without departing from the scope of the
disclosure. Thus, the detailed description herein is pre-
sented for purposes of illustration only and not of limita-
tion. Furthermore, any reference to singular includes plu-
ral embodiments, and any reference to more than one
component or step may include a singular embodiment
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or step. Also, any reference to attached, fixed, connect-
ed, or the like may include permanent, removable, tem-
porary, partial, full or any other possible attachment op-
tion. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
minimal contact. It should also be understood that unless
specifically stated otherwise, references to "a," "an" or
"the" may include one or more than one and that refer-
ence to an item in the singular may also include the item
in the plural. Further, all ranges may include upper and
lower values and all ranges and ratio limits disclosed
herein may be combined.

[0028] By increasing the number and different wave-
lengths that can be produced by a plurality of colored
LEDs used in traditional lighting systems, the hyper-gam-
utor extended or widest color gamut creates animproved
lighting environment that harmonizes with a passenger’s
circadian rhythms, helping regulate the body’s release
of melatonin so travelers relax and fall asleep easier,
even with the lights on. The enriched spectrum of light
also helps the body awaken more naturally, minimizing
the effects of jetlag upon arrival without altering the color,
hue or quality of the light. In various embodiments, the
hyper-gamut’s high-efficiency LED system uses less
power than legacy lighting systems, improving operation-
al performance for carriers.

[0029] In various embodiments, the hyper-gamut can
be used in a lighting system with intelligent connectivity
system that synchronizes with in-flight data generated
by the aircraft. The real-time flightpath, timing, weather
conditions and global positioning information from the
aircraft is collected and intelligently interpreted by proc-
essors of the lighting system to enable predictive func-
tionality and autonomous operation of one or more spec-
tral frequency modes to produce a desired melanopic
response to reduce flight fatigue and improve the flight
experience.

[0030] In various embodiments, the use of a hyper-
gamut with an intelligent algorithm enables a plurality of
LEDs configured in the lighting system to provide a wide
color gamut enabling a passenger experience of saturat-
ed colors with a Color Rendering Index performance of
>98 out of 100.

[0031] Disclosed herein are systems and methods to
apply multiple light emitting diodes (LEDs) (e.g., quantum
dots ("QDOTs"), organic LEDs (OLEDs), or any other
LED) in a way that a spectral content achieves metam-
ers/colors that are optimized for predefined operating
modes.

[0032] In various embodiments, an improved lighting
assembly disclosed herein comprises five or more LEDs.
In various embodiments, by utilizing at least five LEDs,
a color gamut may be expanded, providing various de-
grees of freedom to mix colors. In various embodiments,
the systems, methods, and assemblies disclosed herein
may be configured to facilitate optimization of lighting
based on color rendering index (CRI), output, circadian
manipulation, gamut area optimization, or the like.
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[0033] In various embodiments, a control system for
lighting optimization is disclosed herein. In various em-
bodiments, the control system is configured to transition
between various spectral weighting modes. The refer-
ence to "Spectral weighting modes," includes various
"modes" of lighting display configured to generate a de-
sired effect by optimizing a predetermined variable (e.g.,
hyper gamut, CRI, brightness, lumens, etc.) within a pre-
determined domain (e.g., chromacity coordinates (x,y),
color temperature (Kelvin), brightness (%), etc.).

[0034] The "Color brightness" as disclosed herein is a
measurement of how much light (i.e., white light) is seen
in a color. For example, a color having 100% brightness
would have full lightand appear as white, whereas a color
having 0% brightness would have no light and appear as
black.

[0035] The "Color brightness" as disclosed herein is
composed of two distinct characteristics, namely lumi-
nous flux (i.e., light emitted per second in a unit solid
angle of one steradian from a uniform source of one can-
dela measured in lumens) and color temperature (i.e.,
the color of the light produced by a respective bulb). For
example, the higher the color temperature, the cooler
light gets, and the lower the color temperature, the warm-
er light gets. In various embodiments, a warm color tem-
perature as disclosed herein may be between 2000 K
and 3500 K, a cool color temperature may be between
5000 K and 8000 K, and a full spectrum of color temper-
atures may be between 2000 K and 8000 K.

[0036] The "Color rendering index (CRI)," as disclosed
herein refers to a quantitative measure of the ability of a
light source to reveal the colors of various objects faith-
fully in comparison with an ideal or natural source. Light
sources with a high CRI may be desirable in color critical
applications, such as neonatal care, eating or the like.
CRI is measured in accordance with International Com-
mission on lllumination (CIE) R, index, which ranges from
0 to 100.

[0037] "Metamers" as disclosed herein refers to color
stimuli with different spectral radiant power distributions
but are perceived as identical for a given observer.
[0038] Referring to FIG. 1, a cabin 51 of an aircraft 50
is shown, according to various embodiments. The aircraft
50 may be any aircraft such as an airplane, a helicopter,
or any other aircraft. The aircraft 50 may include various
lighting systems 100 that emit visible light to the cabin
51.Invarious embodiments, a plurality of spectral weight-
ing modes may be provided, controlled, and switched
between for a lighting system 100, enhancing a cabin
feel/experience, in accordance with various flight phas-
es. The lighting systems 100 may be broken down into
different addressable lighting regions that could be used
on an aircraft. For example, the regions on an aircraft
may include sidewall lighting, cross-bin lighting, over
wing exit lighting, ceiling lighting, direct lighting, flex
lights, reading lights, dome lights, lavatory lights, mirror
lights, cockpit lights, cargo lights, etc. The regional break-
down of the lighting system allows lighting control over
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broad areas of the aircraft.

[0039] In various embodiments, and referring to FIG.
2, a lighting system 100 is provided. The lighting system
100 may be one or more of the lighting systems 100 of
the aircraft 50 from FIG. 1. The lighting system 100 gen-
erally includes a lighting unit 110, circuitry 120, and a
controller 130, according to various embodiments. The
lighting unit 110, according to various embodiments, in-
cludes a plurality of light-emitting diodes ("LEDs"), each
LED in the plurality of LEDs configured to emit electro-
magnetic radiation in a predetermined wavelength. Ad-
ditional details pertaining to the lighting unit 110, the cir-
cuitry 120, and the controller 130 are provided below.
[0040] In various embodiments, the lighting unit 110
comprises an array of discrete LEDs controlled to blend
their respective radiations to collectively produce a de-
sired color quality, color saturation, and color brightness
of electromagnetic radiation. In various embodiments,
the lighting unit 110 can be configured to transition be-
tween various spectral weighting modes, which are con-
figured to generate a desired effect by optimizing a pre-
determined variable (e.g., hyper gamut, CRI, brightness,
lumens, etc.) within a predetermined domain (e.g.,
chromacity coordinates (x,y), color temperature (Kelvin),
brightness (%), etc.).

[0041] In various embodiments, the lighting unit 110
can include a first LED 111 configured to emit first elec-
tromagnetic radiation having a first wavelength of be-
tween about 630 nanometers ("nm") and about 740 nm
(e.g., red light), a second LED 112 configured to emit
second electromagnetic radiation having a second wave-
length of between about 580 nm and about 630 nm (e.g.,
amber light), a third LED 113 configured to emit third
electromagnetic radiation having a third wavelength be-
tween about 540 nm and about 580 nm (e.g., a lime), a
fourth LED 114 configured to emit a fourth electromag-
netic radiation having a fourth wavelength between about
510 nm and about 540 nm (e.g., green), a fifth LED 115
configured to emit afifth electromagnetic radiation having
a fifth wavelength between about 490 nm and 510 nm
(e.g., cyan), and/or a sixth wavelength between about
405 nm and about 490 nm (e.g., blue).

[0042] In various embodiments, the lighting unit 110
can include more, or less than these six LEDs. For ex-
ample, the lighting unit may include 5, 6, 7, or 8 LEDs,
and these additional LEDs may be other colors, such as
amber, cyan, etc. For example, a lighting unit having a
(red, green, blue, white) configuration, (ared, green blue,
ultraviolet, white configuration), a (white, white, blue con-
figuration), a (white, white) configuration, etc. are within
the scope of this disclosure.

[0043] With continued reference to FIG. 2, the circuitry
120 of the lighting system 100 may include a circuit board
125 and may generally include various integrated circuit
components which may carry out a variety of functions
under the control of the controller 130. In various embod-
iments, the combination of the lighting unit 110 and the
circuitry 120 is referred to as a lighting assembly, and
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the lighting assembly is configured to be driven/controlled
by the controller 130, as described in greater detail below.
[0044] The particular implementations shown and de-
scribed herein areillustrative examples of an LED lighting
assembly, and are thus not intended to otherwise limit
the present disclosure. For the sake of brevity, conven-
tional electronics other components of the circuitry (such
as power supplies and power modulators) may not be
described in detail. The circuitry 120 is electrically cou-
pled to the lighting unit 110 to supply respective driving
signals to each of the LEDs 111, 112,113, 114,115, 116.
In various embodiments, the lighting unit 110 may include
additional LEDs, such as a white LED. In various embod-
iments, the lighting unit consists of only the six LEDs 111,
112, 113, 114, 115, 116 described above, and thus may
not include other LEDs. In various embodiments, the
lighting unit consists of only five LEDs. The lighting unit
110 may be replicated/repeated along a strip of circuit
board 125. In various embodiments, the lighting unit 110
may include a diffuser lens (or diffuser lenses) covering
the LEDs 111, 112, 113, and these lens(es) may com-
prise a glass material, a polymethyl methacrylate mate-
rial, polycarbonate, and/or a polyamide material, among
others.

[0045] Invarious embodiments, referring to FIG. 2, the
controller 130 of the lighting system 100 may be af-
fixed/integrated into the circuitry 120 or the controller 130
may be integrated into computer systems onboard an
aircraft. In various embodiments, the controller 130 com-
prises a processor. In various embodiments, the control-
ler 130 is implemented in a single processor. In various
embodiments, the controller 130 may be implemented
as and may include one or more processors and/or one
or more tangible, non-transitory memories and be capa-
ble of implementing logic. Each processor can be a gen-
eral-purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programma-
ble logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof. The
controller 130 may comprise a processor configured to
implement various logical operations in response to ex-
ecution of instructions, for example, instructions stored
on a non-transitory, tangible, computer-readable medi-
um (i.e., the memory) configured to communicate with
the controller 130. Any number of conventional tech-
niques for electronics configuration, signal processing
and/or control, data processing and the like may be em-
ployed. Also, the processes, functions, and instructions
may can include software routines with processors, etc.
[0046] In various embodiments, the lighting system
100 disclosed facilitates application of spectral weighting
modes. The "spectral weighting mode" is customizable
and adaptable to achieve a CRI with levels of melanopic
sensitivity effect by optimizing a predetermined variable
(e.g., hyper gamut, CRI, brightness, lumens, etc.) within
a predetermined domain (e.g., chromacity coordinates
(x,y), color temperature (Kelvin), brightness (%), etc.).
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Efficacy Optimized Spectral Weighting Mode

In various embodiments, the controller 130 can be pro-
grammed based on flight management data received
from various avionic systems to configure a plurality of
melanopic levels for desired effects associated with flight
phases. For example, during an on boarding or arrival
flight phase, the controller 130 can determine via an al-
gorithm a desired melanopic effect under a spectral
weighting mode. In various embodiments, the controller
130 can implement a spectral weighting mode based on
comparisons of a part of a spectrum for an amount of
melanopic lumen to a melanopic sensitivity curve to gen-
erate a result associated with a melanopic ratio.

[0047] In various embodiments, the controller 130 is
configured to receive data of the melanopic ratio, and
implement an algorithm to determine a visual brightness
that calculates based on melanopic ratio multiplied by an
amount of color temperature the level of visual brightness
for a particular spectral weighting mode that generates
the desired melanopic effect.

[0048] In various embodiments, and referring to FIG.
3, a color space chromaticity diagram from the Interna-
tional Commission on lllumination ("CIE"), is illustrated
that defines a bounded chromatic region with a color
gamut configured for melanopic sensitivity in accordance
with various embodiments.

[0049] InFIG. 3, there is shown a color space chroma-
ticity diagram 300 ("diagram") thatillustrates a color gam-
ut for a plurality of full gamut spectral weighting mode
that can be implemented.

[0050] Invarious embodiments, the full gamut spectral
weighting mode for a white metamer with a high melan-
opic mix is shown for the chromatic bounded domain in
diagram 300 that enables optimizing a color saturation
within a range of chromacity coordinates (e.g., x, y coor-
dinates). The "full gamut spectral weighting mode," of the
lighting system 100 may be configured to create any color
and optimize for color saturation regardless of color qual-
ity via mixing various LEDs of the lighting unit 110. If the
desired color is within the hyper-gamut of FIG. 3, the
color saturation will be 100%, and if the desired color is
outside of the hyper gamut, the color saturation will be
reduced towards a chromatic white.

[0051] In various embodiments, the CRI Spectral
Weighting Mode comprises a "CRI optimized spectral
weighting mode" which is optimized for CRI. The CRI
optimized spectral weighting mode may achieve a de-
sired effect of producing natural, or apparently natural
white light. The CRI optimized spectral weighting mode
could be used for configured during a boarding or arrival
of an aircraft or the like. The CRI optimized spectral
weighting mode may include a range to achieve an ac-
ceptable CRI (e.g., 95-100), which may be selected from
within a range defined along the Planckian locus 316
from FIG. 3. A colortemperature (Kelvin) may be selected
based on a desired effect (e.g., 2700 Kelvin for warm
light, which may be similar to an incandescent bulb).
[0052] In various embodiments, an "R9 optimized
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spectral weighting mode" can be implemented by the
controller andincludes optimizing for R9. "R9" as referred
to herein represents how accurately a light source will
reproduce strong red colors. In various embodiments,
R9 is similar to CRI optimized except that R9 is given
greater weight relative to CRI in color temperature deter-
mination. Upon selecting a color temperature ina manner
similar to the CRI spectral weighting mode, a maximum
R9 may be determined, followed by determining a max-
imum CRI corresponding to the maximum R9. In various
embodiments, the color temperature range for the R9
spectral weighting mode may be between 2,000 K and
4,000 K. In this regard, R9 optimized may focus on red
and warmer colors for the desired effect, in accordance
with various embodiments.

[0053] The color gamut of diagram 300 shows an im-
proved color hyper-gamut or hyper-gamut that is gener-
ated by a plurality of LEDs of the lighting system 100
disclosed. In various embodiments, a preferred spectral
weighting mode is configured in a chromatic bounded
domain 310 for the lighting system 100 to optimize a de-
sired effect for a plurality of color mixes to achieve max-
imum or higher levels of melanopic sensitivity for different
levels of white color temperature (Planckian locus 316).
A white color temperature is set at approximately 4000
K for a sample. By applying the melanopic ratio on the
luminous flux of the LED, the Equivalent Melanopic Flux
(EML) in lumen is determined. The spectral weighting
mode creates the proper mix for a low or high melanopic
response. As the mode transitions between low and high
melanopic responses, the algorithm is configured to de-
termine the transition into a night mode (low melanopic),
day mode (high melanopic) over particular time periods
in advance to induce sleep or wakefulness. The bright-
ness of the LEDS of the lighting system 100 is independ-
ent parameter and different color mixes can be achieved
without affecting melanopic mix. For example, the lighting
system 100 can configure a dimmer mode that may be
a slightly dimmer scene of warm white but still have high
melanopic mix to keep a passenger awake.

[0054] The controller 130 (in FIG. 2) is configured via
an algorithm to multiply the Exposure value (Ev) and
Melanopic Ratio (MR) to get the EML value. The formula
is EML = Ev * MR. The melanopic ratio enables a desired
light effect to be obtained with different lighting environ-
ment that achieve certain EML values.

[0055] In various embodiments, the controller 130 is
configured to compensate for increases in the melanopic
ratio by changing cyan brightness color wavelength
which enables keeping the luminous flux of LED at a color
temperature of 4000k. A mixture of color temperatures
is balanced by a selection of suitable LEDs via a phos-
phor formula that balances the luminous efficacy and
melanopic ratio.

[0056] In various embodiments, the optimized spectral
weighting mode may achieve a desired effect of produc-
ing amelanopic mode using natural, or apparently natural
white light. The optimized or target Color Rendering In-
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dex (CRI) for a spectral weighting mode is varied for dif-
ferent flight segments. For example, a particular spectral
weighting mode can be applied for a certain visual bright-
ness when boarding the aircraft or the like.

[0057] The CRI optimized spectral weighting mode
may include a range for an acceptable CRI (e.g., 95-100),
which may be selected from within a range defined by
the Planckian locus 316 from FIG. 3. A color temperature
(Kelvin) may be selected based on a desired effect (e.g.,
4000 Kelvin for visual brightness, which may be similar
to an incandescent bulb).

[0058] For any color temperature ("color of light") from
temperatures of about 2000k to 8000k generated by the
lighting system 100, the preferred color temperature
range is or likely exists for a warm light to cool light or
desired brightness between the temperatures of 4000K
and 6000K. The green and blue color brightness are not
mixed or added when simulating the maximum melano-
pic mode as the resultant cyan color from the green/blue
color mixture has wavelengths not within the chromatic
bounded domain 310 that produce melanopic sensitivity
within a preferred melanopic spectrum. In various em-
bodiments, the cyan brightness color (generated from a
cyan LED) is set to a maximum level or to one-hundred
percent with added in color brightness from other color
mixtures from the plurality of LEDs of the lighting system
are added in. For example, some white color may be
added to achieve the target CRI. To generate a specific
color, the algorithm will configure an appropriate mix
while maximizing/minimizing amounts of cyan. The in-
tensity of for other LEDs of the lighting system can all be
set at different levels. For example, a cool white bright-
ness may not have mixed in much red color brightness
fromared LED else it may cause a warm or warmer white
color temperature. In various embodiments, a maximum
brightness can be achieved when the level of brightness
of a brightest LED of the lighting system is maximized.
[0059] FIG. 4A illustrates a diagram of a maximum
melanopic level with various white color temperatures in
a color space chromaticity diagram from the International
Commission on lllumination ("CIE") in accordance with
various embodiments. The "maximum melanopic opti-
mized spectral weighting mode" may be optimized for
peak wakefulness, in accordance with various embodi-
ments. In various embodiments, the diagram 400 maxi-
mum melanopic levels with a plurality of temperatures
410thatachieve ahigh 88CRIl and 93R9 with a melanopic
ratio of about .856. When the total lumens or brightness
available is 100 percent more (or above 50%) than the
melanopic lumens measures are about 85.6% (or high
effect of the resultant from a high melanopic ratio) with
a high circadian melatonin suppression. If the total lu-
mens is less than 50% and hence there is not enough
brightness, there is not enough energy from the cyan
color even with a high melanopic ration to cause a high
circadian melanin suppression.

[0060] In various embodiments, when cyan is maxi-
mized in white light, melatonin is suppressed (e.g., during
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daytime) and when there is a lack of cyan, a human body
produces melatonin. The maximum melanopic optimized
spectral weighting mode configured by the controller 130
(of FIG. 2) may maximize cyan in a mix that creates white
light within the color temperature domain (e.g., between
2000 K and 8000 K). The maximum melanopic spectral
weighting mode may achieve a desired effect of peak
wakefulness (e.g., during a morning flight or the like).
[0061] FIG. 4B illustrates a set of spectrums for the
LED, circadian and visual brightness in accordance with
various embodiments. In the diagram 420, an exemplary
4000k white color temperature lux is set with a high 88CR
and 93R8 using a melanopic ratio of .856. The total lu-
mens is 100 more than the melanopic lumens measures
85.6 with a high circadian melatonin suppression and a
plurality of different color temperature mixes are com-
pared to circadian levels with visual brightness in the di-
agram 420.

[0062] FIG. 5. illustrates a diagram of a minimum
melanopic level with various white color temperatures in
a color space chromaticity diagram from the International
Commission on lllumination ("CIE") in accordance with
various embodiments.

[0063] In various embodiments, the "minimum melan-
opic optimized spectral weighting mode" may be set by
the controller 130 to commence melatonin production
(i.e., to facilitate sleep), in accordance with various em-
bodiments. A minimum melanopic optimized spectral
weighting mode may minimize cyan in a mix to create
white light within the color temperature domain (e.g., be-
tween 2000 K and 8000 K). In FIG. 5, in the diagram 500,
the cyan color brightness is minimized, changed or re-
duced, or the level is sufficient to simulate a cyan color
brightness with a blue/green color mix. The white color
temperature is set by the controller for a color tempera-
ture of between 2000K to 8000K. The optimum color tem-
perature range for visual brightness is between 2000K
and 4000K for a chromatic white 505 because a result
of a high cyan spectrum bleed over from the green/blue
color mix. A high CRI/CQS results naturally at 510 while
white color LED is reduced. The minimum melanopic re-
sponse and the maximum melanopic response are at the
end points (along 505) and the color temperature fades
between the mixes thatcomprise afive-color mix (at510).
[0064] FIG. 6A illustrates a diagram 600 of a minimum
melanopic level with various white color temperatures in
a color space chromaticity diagram from the International
Commission on lllumination ("CIE") in accordance with
various embodiments. In the diagram 600, the same per-
ception (i.e., metamer) of color is visually produced at
approximately a temperature brightness of 4000K at 610.
The melanopic ratio is set at . 565 and the cyan energy
is minimized for melatonin production. Here, if the total
lumens is set to 25 (25%) then the melanopic lumens is
aratio of 14 to 1. The increases in performance at lower
color temperatures are shown in the diagram 600 with
this setting.

[0065] FIG. 6B illustrates a set of spectrums for the
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LED, circadian and visual brightness for a minimum
melanopic response in accordance with various embod-
iments. FIG. 6B shows a diagram 620 with different color
temperature mixes than FIG. 4B for the minimum melan-
opic response.

[0066] The instructions stored on the memory of the
controller 130 may be configured to perform various op-
erations. The schematic flow charts disclosed further
herein include various exemplary controller methods 700
in FIG. 7 that the processor of the controller 130 may
perform. Generally, the controller 130 electrically cou-
pled to the circuitry 120 and is configured to transition
between, by the processor, various spectral weighting
modes. Controlling the spectral weighting modes of the
light of the LEDs 111, 112, 113, 114, 115, 116 may in-
clude blending the first electromagnetic radiation, the
second electromagnetic radiation, the third electromag-
netic radiation, the fourth electromagnetic radiation, the
fifth electromagnetic radiation, and the sixth electromag-
netic radiation in a manner to achieve a desired effect by
optimizing a predetermined variable for melanopic sen-
sitivity (e.g., hyper-gamut, CRI, brightness, lumens, etc.)
within a predetermined domain (e.g., chromacity coordi-
nates, color temperature (Kelvin), brightness (%), etc.).
In various embodiments, controlling the spectral weight
modes of the light of the LEDs 111, 112, 113, 114, 115,
116 may include transitioning between various spectral
weighting modes based on the desired effect for the cabin
51 from FIG. 1.

[0067] InFIG,7,atstep710acontroller 130 configures
a processor to generate a desired melanopic response
in a maximum melanopic mode by a first spectral weight-
ing mode. The spectral weighting mode is based on an
algorithm that compares a part of a spectrum for an
amount of melanopic lumen to a melanopic sensitivity
curve to generate a result comprising a melanopic ratio.
The white color temperature for the melanopic mode at
the maximum amount is produced by the spectral weight-
ing mode of a cyan color set at approximately one-hun-
dred percent with an added color mixture comprising at
least a first, second and third color. At step 720, the con-
troller 130 configures the processor to generate a desired
melanopic response in a minimum melanopic mode by
a second spectral weighting mode. The cyan is mini-
mized but can be simulated with a blue and green color
temperature mix.

[0068] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
presentin a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
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critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be presentin an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, Band C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different crosshatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0069] System program instructions and/or controller
instructions may be loaded onto a non-transitory, tangible
computer-readable medium having instructions stored
thereon that, in response to execution by the processor,
cause the controller to perform various operations. The
term "non-transitory" is to be understood to remove only
propagating transitory signals per se from the claim
scope and does not relinquish rights to all standard com-
puter-readable media that are not only propagating tran-
sitory signals per se. Stated another way, the meaning
of the term "non-transitory computer-readable medium"
and "non-transitory computer-readable storage medium"
should be construed to exclude only those types of tran-
sitory computer-readable media which were found in In
Re Nuijten to fall outside the scope of patentable subject
matter under 35 U.S.C. § 101.

[0070] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "various embodi-
ments," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.

[0071] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. No claim element herein is to be construed under
the provisions of 35 U.S.C. 112(f) unless the element is
expressly recited using the phrase "means for." As used
herein, the terms "comprises," "comprising," or any other
variation thereof, are intended to cover a non-exclusive
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inclusion, such that a process, method, article, or appa-
ratus that comprises a list of elements does not include
only those elements but may include other elements not
expressly listed or inherent to such process, method, ar-
ticle, or apparatus.

[0072] Finally, it should be understood that any of the
above-described concepts can be used alone orin com-
bination with any or all of the other above-described con-
cepts. Although various embodiments have been dis-
closed and described, one of ordinary skill in this art
would recognize that certain modifications would come
within the scope of this disclosure. Accordingly, the de-
scription is not intended to be exhaustive or to limit the
principles described or illustrated herein to any precise
form. Many modifications and variations are possible in
light of the above teaching.

Claims

1. An article of manufacture including a tangible, non-
transitory computer-readable storage medium hav-
ing instructions stored thereon that, in response to
execution by a processor, cause the processor to
perform operations comprising:

command (710, 720), by the processor, a light-
ing system to generate a desired melanopic ef-
fect in accordance with a spectral weighting
mode;

determine, by the processor, the spectral
weighting mode based on an algorithmthatcom-
pares a part of a spectrum for an amount of
melanopic lumen to a melanopic sensitivity
curve to generate a result comprising a melan-
opic ratio; and

in response to the result comprising the melan-
opic ratio, determine, by the processor, a visual
brightness by calculations based on the melan-
opic ratio multiplied by an amount of color tem-
perature generating the visual brightness in ac-
cordance with the spectral weighting mode for
inducing a melanopic effect.

2. The article of manufacture of claim 1, wherein a color
temperature comprises a white color temperature.

3. The article of manufacture of claim 1 or 2, wherein
awhite color temperature is in arange between 2000
Kelvins to 8000 Kelvins, and/or wherein a color tem-
perature is optimized for a range between 4000 Kel-
vins to 6000 Kelvins.

4. Thearticle of manufacture of claim 3, wherein a white
color temperature for the desired melanopic effect
comprises a melanopic mode of a maximum amount
that is produced by the spectral weighting mode
comprising a cyan color set at a maximum percent-
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age with a color temperature mixture comprising at
least a set of a first, second and third color temper-
ature.

5. The article of manufacture of claim 4, wherein the
white color temperature for the melanopic mode at
the maximum amount is produced by the spectral
weighting mode of a cyan color that is set at an ab-
solute brightness with an added color mixture com-
prising at least a first, second and third color.

6. A lighting system, comprising:

a plurality of light emitting diodes (LEDs); and
a controller in operable communication with the
plurality of LEDs, the controller configured to
cause the plurality of LEDs to transition to a
spectral weighting mode to:

generate a desired melanopic effect in ac-
cordance with the spectral weighting mode;
determine the spectral weighting mode
based on an algorithm that compares a part
of a spectrum for an amount of melanopic
lumen to a melanopic sensitivity curve to
generate a result comprising a melanopic
ratio; and

in response to the result comprising the
melanopic ratio, determine a visual bright-
ness by calculations using an algorithmic
solution based on the melanopic ratio mul-
tiplied by an amount of color temperature
generating the visual brightness in accord-
ance with the spectral weighting mode as-
sociated with an induced melanopic effect.

7. The lighting system of claim 6, wherein the plurality
of LEDs comprise at least five LEDs, or wherein the
plurality of LEDs comprise at least six LEDs, and/or
wherein the plurality of LEDs comprises at least one
LED configured to emit electromagnetic radiation
having a wavelength of between 490 nm and 510
nm to generate a cyan color.

8. The lighting system of claim 6 or 7, wherein a color

temperature comprises a white color temperature,
and optionally wherein the white color temperature
is in a range between 2000 Kelvins to 8000 Kelvins.

9. Thelighting system of claim 8, wherein the color tem-

perature is optimized for a range between 4000 Kel-
vins to 6000 Kelvins.

10. The lighting system of claim 9, wherein each LED in
the plurality of LEDs is configured to emit the elec-

tromagnetic radiation of a different wavelength.

11. The lighting system of claim 10, wherein the white
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color temperature for the desired melanopic effect
comprising a melanopic mode of a maximum amount
that is produced by the spectral weighting mode
comprising a cyan color set at a maximum percent-
age with a color temperature mixture comprising at
least a set of a first, second and third color temper-
ature, and optionally wherein the white color temper-
ature for the melanopic mode at the maximum
amount is produced by the spectral weighting mode
of a cyan color that is set at approximately one-hun-
dred percent with an added color mixture comprising
at least a first, second and third color.

A light assembly for an aircraft cabin, comprising:
a controller in operable communication with a light
unit, the controller configured to:

apply a lighting condition using the light unit
comprising a melanopic sensitivity in accord-
ance with a spectral weighting mode;
determine the spectral weighting mode based
on an algorithm that compares a part of a spec-
trum for an amount of melanopic lumen to a
melanopic sensitivity curve to generate a result
comprising a melanopic ratio; and

in response to the result comprising the melan-
opic ratio, determine a visual brightness to op-
erate the light unit by calculations using an al-
gorithmic solution based on the melanopic ratio
multiplied by an amount of color temperature
generating the visual brightness in accordance
with the spectral weighting mode of a desired
melanopic effect.

The light assembly of claim 12, wherein a color tem-
perature comprises a white color temperature in a
range between 2000 Kelvins to 8000 Kelvins.

The light assembly of claim 13, wherein the white
color temperature for the desired melanopic effect
comprising a melanopic mode of a maximum amount
that is produced by the spectral weighting mode
comprising a cyan color set at a maximum percent-
age with a color temperature mixture comprising at
least a set of a first, second and third color temper-
ature.

The light assembly of claim 14, wherein the white
color temperature for the melanopic mode at the
maximum amount is produced by the spectral
weighting mode with a cyan color that is set at ap-
proximately one-hundred percent with an added
color mixture comprising at least a first, second and
third color.
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